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FOREWORD

Detachment %, Research and Techinology Division, directed and monim-
tored this test of the M16 rifle using standard Army-type rifle and hand
grenades during October 1964, Manuscript was released December Lok,

While the test was arranged and monitored by Det 4, RTD personnel,
the actual firings were accomplished and range test equipment was installed
by personnel of the Small Arms Merksmanship Training Unit, ML2C+h Combat
Support Group, Special Alr Warfave Centexr (IAC), Eglin AFB, Florida,

Engineering Scrviees P'roject No, 912A-0000-97205 applies to this
report,

This technical veport has been reviewed and is approved.

/%%é%%?

Major, USAY
Chief, Ballistices Division
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ABSTRACT

Range tables have been constructed for eignt Army-type rifle and hund
grenades fired from the M16 rifle. The range and time of flight were
measured for launch elevation angles of 5° to 45°, Final range data are
the result of averaging the individual data points and compensating for
wind effects. Tables are presented for the following grenades: M2Ll Hand
Grenade with M1A2 Adapter, M30 Hand Grenade with M1A2 Adapter, M31 Rifle
Grenade, M3l Hand Grenade with M1A2 Adaptex, M22A2 Rifle Grenade, M23 Rifle
Grenade, M27 Rifle Crenade, and the M7Al CN Hund Greuade with M2Al Adapter.
No breakage of component parts of the guns or gun stocks occurred during
the tests,
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SEGTION I

INTRODUCTION

The ultimate purpose of the test discussed in thia report was to
establish range tables for the M16 rifle using standard Army-type hand
and rifle grenades, The following discugsion describes the manner in
which test data were obtained, analyzed, and correlated to construct a
table of range and time—of-flight at different Launch elevation angles
for geveral types of greunades,

The compatibility of the M16 rifle with various Army~type grenades
presently used with the ML4 and ML rifle was established during the tests
conducted by O0AMA {OOYEC) at Hill AFB, Utah. During the H1ll AFB tests,
range data were obtained for elevatlon angles of 30° and 45°, The test
at Eglin AFB provided range data at lower elevation angles.,



SECTION II

TEST SET=UP

Firings were conducted at the Eglin AFB Auxiliary Field No, 9 amue
nition disposal ares, Using a transft, a straight line of fire was estab-
lighed along which murkers were placed at intervals of 50 ft, The rifle
was fimmly Jfmplaced with two stmeks of sand bagsj; the hand guard rested on
the front stack of bags and the butt plate was placed tightly against the
rear stack, The bags were situated so as to obtain the desired rifle ele~
vation angle. The elevation angle was mcasured by means of an inclinome-
ter placed inside the rifle muzzle. The rifle azimuth was checked by
means of a plumb which was extended from the rifle to the line of fire
marked on the ground, The rifle was held firmly in place and the eleva
tlon angle doublewchecked for each firing, The range to impact was
measured with a steel tape. Measurements were made both Iin the direction
of fire and laterally to each side of the line of fire, The time of flight
for esch grenade was measured with stop watehea. Wind direction and magni-
tude were determined with a portable anemometer,




SECTION III

TEST PROCEDURES AND RESULTS

For all except the M34 WP hand grenade, the ground range to Impact
was measuxed directly with the steel tape., TFor the M2L and M30 practice
hand grenades launched et high elevation angles, the flight time exceeded
the fuze time, causing alr burats, For these grenades the Impact angle
was assumed equal to the launch angle, From an estimate of the height of
the grenades at airburst and with the assumed impact angle, the increment
in range from alrburst to impact was computed, This distance was sub-
tracted from the measured impact distance to obtain the range to airburst
without wind direction. TFor the M34 WP grenade, the range beneath the
airbursts was clearly indicated by an area of burned phosphorous, The
M2l practice grenades airwburst zero to 20 ft high at 35° elevation and
approximately 45 ft high at 45° elevation. The M30 practice grenade air-
burst zero to 50 ft high at 35° elevation and approximately 75 ft high at
45° elevation, The M34 WP hand grenade air-burst zero to approximately
15 ft high at 35° and 45° elevation.

A minimum of five rounds of each type of grenade was fired at ele
vation angle of 5°, 15°, 25°, 35°, and 45°, with the exception of the M2
rifle grenade which was not fired at 15° and the M3L WP hand grenade which
was not fived at elevation angles below 25°, An average was made of the
range and the time of flight at each elevation angle., For most of the
grenades fired, the deviation in range did not exceed 10% of the average
range. The increment in range due to wind drift was determined by multie
plying the approximate wind veloeity by the average time of flight., This
increment was then added or subtracted from the average measured range to
obtain the range shown in Table III,

The M34 WP grenade was not fired at angles below 25° due to the
potential hazard to the tiring personnel without protective covexr., The
ranges shown in the enclosed range table were computed thecretically for
angles up to 25°, and then correlated with the measured data.

Table I shows the raw data as measured at the Eglin AFR test site,
Table II presents a similar set of data obtained during the Hill AFB tests,
No wind data are avallable for the I[111 AFB test, Table III presents the
final correlated range deta.

It is noted that detonation did not oceccur for any of the M31 HEAT
grenades., At an elevalion angle cf 45° the grenades Impaeted at approxi-
mately 45° and buried approximately half the grenade length fnto damp,
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firm sand, At the very low angles the grenades slid along the ground,
coming to rest at a range much larger than the Impact ranges shown in
Tables I and III,

Examination of the data obtained by Hill AFB personnel indicated
that no consistent variation in range was obtained when five different
rifles were used during the test. Therefore, at the Eglin AFB tests, no
attempt was made to identify a particular rifle with a serles of firings,
A total of 191 grenades were fired during the tests at Eglin AFB. No
breakage of component parts of the guns or gun stocks oceurred,

Although no consideration was given to the effect of rifle and
cartrlidge temperature on grenade range, these effects might be of suf-
ficient Importance to warrant investigation,




TABLE IA, M23 RIFLE GRENADE (SMOKE STREAMER)¥

Grenade Elevation Angle (deg)

No, 5 | 15 | 25 |35 | b5
Range 159 | 394 | b7k | 585 | 632

1 Time 1.8 5.0 11-.5 509 609
Deflection| 1R 25R 20R l2L 6L

Range 174 | 389 | 500 | 611 | 638

2 Time L4l 2,9 k5| 6,0 | 6,9

Deflection | 1R 25R | O 18L | 2hL

Range 203 | 367 | 527 | 6o | 621

3 Time 115 en)‘" h‘ol 601 702

Deflection | 4R 6L LOR | 24L | 12L

Range 2h9 { 379 | 517 | 645 | 627

L Time 1.2 | 2.8 | 4,1 | 5.6 | 7.3
Deflection | 1L — 4T 9L 2L

Range 198 | 350 | 575 | 630 | 565

5 Time 1,21 2,5 b1 | 58 17,0

Deflection | MR 8R 5L 25R oh1,

Range e | 365 | e | —— |

6 Time —_— | 25| — | — | —
Deflection | ——w | —ee | coae | oo | =

Range — 420 | o | - | e

7 Time — 5,2 | ee— —— | —

Deflection | wees | 181 | seem | come | coee

*Negligible Wind
Legend for

Tables IA-IH: AB denotes approximately air burst height.

GB denotes ground burst.

I, denotes deflection left of firing line,
R denotes deflection right of firfug line,
All ranges and deflections measured in feet,
Time is measured in seconds.




TABIE 1B, M2l HAND GRENADE WITH MLA2 ADAPTER
(PRACTICE FRAGMENTATION )¥

Elevation Angle (deg)

Grenade 5 15 a5 35 L5
No.

1 Range 14y | 210 | 347 | W12 360
Time l.2 207 5-6 1"-7 6-""
Deflection | O 0 o} O{AB20 )} 0(AB45)
Range Lha | 213 [ 298 | 552 440

2 Time 1.2 | 2,5 | 3.6 | 4.5 6.3
peflection | O 6R 5L | 2L{eB) | O(ABALS)
Range 142 | 233 | 311 | 350 hol

3 Time 1.3 | 2.8 3.6 | 4,7 6,2
Deflection | O 0 3L O(AB20)| O(ABALS)
Range 138 | 236 | 309 | 346 Lok

in Time L1 | 2.7 | 3.6 | L7 5ok
Deflection |0 0 5L | 0(GB) |O(ABLO)
Range 15 213 | 315 | 379 39k

5 Time 1,2 | 2,51 3,8 | 4,7 5.8
Deflection | O 6R 10R | O(AB5) |0{AB50)

]

*B-knot average headwind




TABLE IC,

(PRACTICE FRAGMENTATION)¥

M50 HAND GRENADE WITH M1A2 ADAPTER

Grenade
No.

r

iy

g

Range
Time
Deflection

Range
Time
Deflection

Range
Time
Deflection

Rangu
Time
Deflection

Range
Time
Deflection

Elevation Angle (deg)

5 15 25 35 45
140 | 259 | 37L | 456 459
105 2.8 )"" 5 —— 508
0 6R | 6L | 15R(AB20)[9R
136 | 245 | 383 | Lot hgp
1,3 | 2.8 | 4,0 | = 5.6
0 3R 0 20R(AB50 )| 20L
1o | 274 | 365 | Ll 465
1.2 | 2.7 | 40 | — 5.2
0 LR 5R 0(CB) 15R
159 1 271 ¢ 365 1 iaa L89
1.} 2.8 3.8 | — 5.5
0 8R | 16R | 13L{ABzU}|2&R
128 | 285 | 386 | 432 520
1.2 | 2.8 | 4.0 | e 5.1

0 0 14R(AB20)| 9R

*Buknot average headwind




TABIE ID, M22A2 RIFLE GRENADE (SMOKE IMPACT)3%

Elevation Angle (deg)

Grenade 5 | 15 25 | 35 k5
No.
Range 152 | —= | 409 | ko7 | 537
l Time 1’1 —— )'".0 5. 2 6. 8
Deflection | 2R e | OR hyr 6R
Range 156 | —— | b15 | 521 | 546
2 Time 13 | == [ B0 5.0 | 6.8

Deflection | 2R 10R | 6L 24R

L38 | 546 | 5h6
bz | 5.3 | 6.9

Range 161
3 Time 1.3
Deflection |0

1

i

Range 172 Lt | 533 | 565
l}‘ Time le2 v—— “"’-2 5 . 6 5
Deflection |2R e | OR 2L 20R

Range — | e | W4T | 550 | 5TL
5 Time e | e | B2 [ e | 6.5
Deflection | === | === | IR 1k 0
Range e | e | BE2 | e | e
6 Time IR IVUREUR B Y- 0N DU R
Deflection |ewee | mewe | 15R | seees | s

*Negligible Wind

I3




TABIE IE. M3L RIFIE GRENADE (HEAT)¥

Elevation Angle (deg)

Grenade 5 15 25 35 hs
No,
Range 148 | 288 | 465 | 605 | 615
1 Time 14| 2.7 | b2 | = | 6.7
Deflection |O o] TL 0 5R
Range a7 | 308 | ¥67 | 613 | 625
2 Time 1| 2.5 | = | 5.5 | 6.9
Deflection | 2R 5L 6R 10L | 1oL
Range 147 | 312 | 467 | 60T | 675
3 Time 1.4 | 2,6 | bk 5.8 | Tel

Deflection | 3R 3R 15L | B8R 20L

Range 1hé | 312 | W67 | 638 | 648
L Time 1.2 | 2.9 | b2 | 5.9] 6.9
Nefleetion |0 o) 5R | 17L | 17L
Range 138 | 316 | k75 | 639 | 651
5 Time L.h | 2.8 | 4.3 | 5.8 | 7.0

Deflection { 2L LR TL J3L | 0L

*5-knot average tailwind




TABLE IF, M27 RIFIE GRENADE (ILIUMINATING)¥
Flevation Angle (deg)

Grenade 5 15 25 35 b5

Noe

Range 12k | 188 | 335 | 385 | 361

1 Time 1.1 | 1,9 | 3.8 | 4.9 | 6.6
Deflection | 1R 3R TR TR 0

Range 127 | 221 | 334 | 394 | 362

2 Time 1.2 | 2.7 | 348 | 4B | 5.8

Deflection | IR IR TR 6R TR

Range 128 | 227 | 345 | Log | 418

3 Time 1.1 | 2.7 | 39 | 5.0 | 9.9

Deflection | 2R 0 5R ST LR

Range 131 | 230 | 345 | boo | Leo

i Time Tedl | 2.7 | 346 | 5.0 | 53

Deflection | 2R 3L, 9R i2R | 3R

Range 120 | 256 | 348 | 418 | 426

5 Time 1.1 | 2,5 | 3.8 | 4.8 5.5

Deflection | 2R 2R 6R 2L 5R

*Negligible Wind

19




TABLE IG, M3l HAND GRENADE WITH M1A2 ADAPTER
(WHITE PHOSPHOROUS )¥

Elevation Angle (deg)
Grenade 5 15 25 35 ks
No,
Range — | | 252 | 318 | 330
1 Time i | mme | 3,5 | e | 4,2
Deflection — | 0 3R 0
Range ——— 232 298 285
2 Time —— | 3.5 | me— | L6
Deflection | w= | —= | 8L 11L | e
Range — | 245 ] 301 | 285
3 Time e | e | 205 | e | 4,9
Deflection | www | ~= | 8L 5R ———
Range —~— | ——— | 236 | 310 | 295
Iy Time e | e | 3,0 | = | 4,9
Deflection — | O 3R ——
Range —— | . | 280 | 308 | 285
5 Time — | - 3.2 5,4 ] kb9
Deflection | wwes | sewe | O I0R | e
*Negligible Wind

11
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TABLE IH., MTAL CN HAND GRENADE WITH MPAL ADAPTER
(TEAR GAS )%

Elevation Angle (deg)

Grenade 5 15 25 35 L5
No.
Range 100 | 225 | 280 | 305 | 318
1 Time 1o2 | 2.2 [ 342 | 4.2 | =
Defleetion | O 0 3R v | e
Range 100 | 225 | 27k | 325 | 320
2 Time 1.0 1 2,11 3,31 L1 5
Deflection | © ¢ 2L gr 0
Range 120 | 225 | 283 | 300 | 324
3 Time 1e6 | meam | 3,3 | b2 | 5.1
Deflection | O 0 6L &r 12R
Range T0 220 | 255 | 300 | 316
1} Time St—— 2.] 5.1 l‘"-h’ 5-2
Deflection [ C 0 0 3R | ©
Range 98 250 | 302 | 202 | 315
5 Time 1.1 ] 2.2 | 3.2 4o | 5,3
Deflection | O 0 oL 14R | ©
Range | r— | 295 | BU5 | e
6 Time | e P B Bl | e
Deflection | meem | ommee | 9 —
Range — | e | 240 | 270 | —
T Time —— b 5 - 5 3 . 9 —
Deflection | memm | «= | 6R 8R e

*6uknot average headwind

12



TABLE TIA., M34 HAND GRENADE WITH M1A2 ADAPTER

(WHITE PHOSPHOROUS)

Rifle Number

LElevation Angle | 1 2 ] h 5
305% 300 | 255 | Air Burst | 348
307 | 325 | 510 | 347 348

h5e° 310 | 310 | 320 | 3h0 325
325 | 540 | 325 | 315 338

3%0 | 355 | 315 | 560 335
L S ——

—_— ] 300 | 325 | 330 340
. — 325 520 | 315 335
30 — | 320 { 320 | 32C 315
- [ 3351 315 | 520 320

e | 520 | 310 | 310 305

*#A11 entries in Tables IIA~G are ranges in feet
unless otherwise indicated,

TABLE TIB, MT7AL
mzal ADAPTER (TTAR GAS).

ns
\.ll\T

HAKD GRENADE WITH

Ri¥le Number
Llevation Angle | 1 2 5 b 5
3h0 4 350 1 30T | 388 1375
338 [ 357 | oo | 385 | 365
L5e 565 | 360 | 355 | 390 {300
340 ] 375 ] 350 | LOO | sho
580 | 3751 340 | 550 | 248
5451 516 | 310 | 375 | 3%
565 | 325 aL5 | 380 | 350
300 550 ] 340 | 3 RUTON BT
5901 3551 sho | 350 | 57C
310§ 360 350 | 570 | 340

(=]
N




TABIE IIC.

M27 RIFLE GRENADE (ILLUMINATING).

Rifle Number

Elevation Augle | 2 | 2 | 3 | % | 5
Loo | B05 | 390 | 435 [ 430

400 | 410 7 425 | hes

Lge 408 | 415 | 415 | heo | ko3

Yo 33 | 415 | 412 | 23

395 | hh7 | hao | hob | Las

3651 30651 390 | 396 | 105

385 365] 3951395 | 575

%0° 390 370 | 370 | 397 | hoo

410 | 360 | W00 | LOT | 360

%151 380 | hoo | h1o | 3%

TABLE IID. M22A2 RIFIL GRENADL (SMOKE, IMPACT),.

’

Rifle Number

}

Llevation Angle 1 2 5 H 5
So6 1 620 612 | 61C | 56¢

613 | 615 612 62¢ | 615

45° 616] 650 | 590 | Goe | 610
Clz| Gi | Gas | o5 | &e

{181 060 | Go5 | 63¢ | 595

500 | 550 1 550 | 550 | 530

EIS L 5a0 ] 530 4 525 | 525

30 545 5351 535 520 [ 530
540 | 525 1 526 | 955 | 535

55C | 515 | 515 | 5 | 51C




TADLE IIE. M31 RIFLE GRENADE (HEAT).

Rifle Numbex
Llevation Angle | 1 2 3 h 5
641 | 618 | 585 | 600 | 621
613 | €25 | 610 | 630 | 635
y5° 6h5 1 Eoh | 615 | 6L | 630
650 | €26 | 618 | 645 | 625
653 | €30 | 630 | 625 | 620
455 | hso | h6c | 483 | k62
4651 h6és5 | 475 1 193 | 485
30° hes| 468 | 480 | 495 | L85
sl s | k85 | 500 | 508
w75 | L5 | W85 | 508 | 515

TABLL IIF, M2G HAND GRENADL WITI MLA2 ADAPTER

(TRAGMINTATION ).

Rifle Number

Llevation Angle 1 2 3 b 5
."|5°
Approximate Distauce Out 450 | 456 | 450 | 450 | koo
Approximate Adrbursi ieight 15v l5w| o0 150 | 150
These ranges werc upproximately the same for 5 rounds
fired Irom cach »ifle, FnIxact data not available,
425 [ koo | 1o | 15 | 470
LLO | 435 | 42C | k2O | L6O
50° B0 | Wi | b5 | L0 | by
BRGNS DS AR5 | LS
Lhs lans | 45) [ hoC | 1ish

15




TABLE TIC. MLSAL RIFLE GRENADE (WHITE
PHOSPHOROUS ) AT 45° ELEVATION¥

Ritle Nvmber
1 2 % L 5

Los | L5 | 450 | 450 | 495
440 | bso | L5 | Wh5 | Loo
B8 | 450 | 455 | k55 | bTO
450 | W55 | 55 | 455 | WTS
458 | U65 | b5 | kh5 WS

*No data for 30° elevation
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